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inheritance. Nonetheless, it is possible
that factors that mediate anchorage
of mitochondria in the bud tip reside in
the ER or late Golgi membranes and
undergo Ypt11p- and Myo2p-mediated
transport to the bud tip. Indeed,
mitochondria have physical and
functional interactions with ER and
Golgi during phospholipid biosynthesis
[17]. Thus, this mechanism could
coordinate the inheritance of these
functionally related organelles.
Overall, Arai et al. [4] have uncovered
a mechanism for targeting Myo2p to
late Golgi membranes in budding yeast
and show that this event is critical for
late Golgi movement during
inheritance. These findings also reveal
novel functions for a Rab GTPase that
had been previously implicated in ER
and mitochondrial inheritance and for
a COPI coatomer subunit. Finally, the
new work provides evidence for the
coordinated inheritance of functionally
related organelles.
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R745Visual Neuroscience: Revealing the
Motion-Detecting Circuitry
Molecular approaches in Drosophila that allow the removal of specific classes
of neurons are breaking new ground in determining the neural implementation
of a computational algorithm for visual motion detection.
Cole Gilbert
An overarching goal in systems
neuroscience is understanding cellular
circuitry that implements neural
computation to produce adaptive
behavior. One of the most enduring
computational neural models is the
so-called Reichardt correlation
detector [1] (Figure 1), which describes
how the brain can compute visual
motion from changing patterns of
contrast as an object moves in front
of a creature’s eyes. Reichardt and
others [2–4] elaborated the original
model and determined that it
quantitatively predicts behavior of
whole animals from human
psychophysics to optomotor
responses of flying flies. Elucidating
how the model is implemented at the
cellular level has proven difficult,
despite 50 years of concerted effort.
Recently, however, several
laboratories [5,6] using new molecular
techniques and a high-throughput
assay with the fruit fly Drosophila
melanogaster have made progress
and ushered in a new era.
The Reichardt model not only
explains behavioral responses of whole
animals, but also predicts response
properties of several classes of motion
sensitive interneurons in flies (Figure 1).Thus, the algorithm is fairly robust, but
how does one map the model’s three
simple computational elements onto
neurons? The input channels are
obviously photoreceptors; and in the
fly visual system (Figure 2), in the
third optic neuropil (the lobula plate),
several classes of individually
identifiable neurons, called lobula
plate tangential cells (LPTCs), have
response properties that can be
modeled quite well as Reichardt
detectors [7].
Despite subjecting the intervening
neuropils to batteries of techniques
for four decades, we are still
ignorant about much of the cellular
implementation of this algorithm
between photoreceptors and LPTCs.
Spatial information is retained
by the columnar organization
of the intervening neuropils,
and appropriately phased
stimulation of just two neighboring
photoreceptors is sufficient to elicit
directionally-selective excitation or
inhibition in an LPTC called H1 [8].
Thus, we need only follow two
columns of cells to identify the
substrate of the Reichardt detector.
Behavioral studies of mutant flies
[9] established that the outer six
photoreceptors, called R1–6, of the
total eight photoreceptors in each
optical unit of the fly’s compound eye
are necessary and sufficient to mediate
behavioral responses to visual motion.
R1–6 photoreceptors that view the
same region of space project axons
to a column in the next neuropil, the
lamina, which comprises about 12
cells. Electron microscopy revealed
that R1–6 terminals are pre-synaptic
to four cells [10], three of which are
columnar laminar cells (L1, L2, L3),
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Figure 1. Schematic model of a fully oppo-
nent Reichardt motion detector.
Detection of directional motion requires only
three computational elements (red): two input
channels A and B; a temporal asymmetry
such as a pure delay or low pass filter in
the signal of one of the two channels indi-
cated by t; and a non-linear interaction, the
simplest of which is multiplication, indicated
by x. This so-called half detector responds
well to visual motion in the preferred direc-
tion, but not much to motion in the opposite
direction. By integrating two half detectors
of inverse sign the summing element of the
full detector, indicated by S, has fully oppo-
nent responses to motion in opposite direc-
tions. Various elaborations of this model
may include further filtering in any of the
lines, as well as differential weighting of any
of the connections.
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in the corresponding column in the
next underlying neuropil, the medulla
(Figure 2). The fourth post-synaptic
neuron is an amacrine cell, which
extends processes to neighboring
columns, and is thus the first cell that
could represent the cross channel
of the model (Figure 1).
Working centrifugally from LPTCs,
transmission electron microscopy
studies identified a columnar neuron
called T4 arising at an inner medulla
layer to be presynaptic to an LPTC
[11]. Studies of membrane
conductance [12] and pharmacological
investigations [13] have shown that the
directional excitatory and inhibitory
responses of LPTCs are mediated by
cholinergic and GABAergic synapses
occurring on the membrane of the
LPTCs. Unfortunately, there is an
unresolved gap in established
connectivity between lamina inputs
to a medulla column and T4 output of
that column. The medulla is the most
complex visual neuropil with over
120 cells types, of which about 40
repeat in every column [14].
Columnar medullary neurons
retinotopically process a variety of
visual information, including color,
orientation, and motion. Two
approaches have primarily been
used to elucidate neurons that may
participate in the motion detecting
circuit. The first is intracellular
electrophysiology and dye-filling to
reveal morphology of recorded
neurons [15,16]. While this approach
has identified motion sensitive
responses in several cell types
known from anatomical studies
using the Golgi technique [14],
recordings are typically short lived
and a given cell type may only be
recorded once and not subjected
to a full battery of appropriately
informative stimuli.
The second approach
is autoradiography with
3H 2-deoxyglucose, which is taken up
by active cells, to identify cells that are
differentially active during processing
of motion information compared to
uniform flickering of light. This
approach has shown that layers 1, 2,
5, 9, and 10 in each medulla column
are preferentially excited by visual
motion [17]. Unfortunately, the
spatial resolution of autoradiography
is not fine enough to reveal individual
neuronal profiles, only regions of
each column. Nevertheless, severalneurons that are morphologically
described from Golgi studies have
terminals in the motion-activated
layers and have become candidates
for elements of the circuit [18,19].
While much has been learned about
possible cellular implementation of
a Reichardt detector, there are still
large gaps given the standard
approaches of anatomy,
electrophysiology, and activity
staining. A new approach involving
the use of genetically engineered lines
of fruit flies has already yielded new
insights [5,6] and looks likely to provide
very promising results going forward.
The new techniques use engineered
lines of flies in which genetic drivers
expressing green fluorescent protein
are randomly inserted into only
a few cell types, or in the best case,
a single cell type, in the optic lobe.
Using these lines of flies to express
other molecular constructs that
prevent cellular responses or that
rescue cellular activity in an
unresponsive background has
revealed that visual motion is
processed in separate pathways
immediately post-synaptic to
photoreceptors.
Both research groups [5,6] prevented
responses of certain cell types by
inserting a temperature-sensitive
construct for the gene shibire, which
disrupts membrane cycling and results
in depletion of synaptic vesicles. Thus,
cell types which express shibirets1
can be switched off when flies are
exposed to higher temperatures to
test the necessity of the candidate
neurons in particular circuits. By
expressing shibirets1 in L1 or L2
neurons, both groups demonstrated
that the motion-sensitive pathway
splits at the first stage. L1 is sufficient
and necessary for responses to
horizontal motion from posterior to
anterior, whereas L2 is sufficient and
necessary for responses to horizontal
motion from anterior to posterior. In
walking flies, responses to visual
motion have a translational, as well
as rotational, component. L2 appears
necessary for the translational
component. Thus, a major new
corroborated result is that visual
motion is processed in parallel paths
through L1 or L2 from the first synapse
after the photoreceptors. The other two
cells post-synaptic to R1–6, L3 and
the amacrine cell, were shown to be
unnecessary for motion perception
[5] by blocking expression in L1, L2,
L3 and the amacrine cell of the
receptor for histamine, the
neurotransmitter released by R1–6.
Subsequent rescue of L1 or L2 rescued
motion sensitivity, demonstrating that
L3 and the amacrine cell are not
required for motion perception and
likely do not participate in a Reichardt
detector.
Rister et al. [5] used various
behavioral assays involving freely
walking and tethered flying flies to
examine individual flies from
almost 4000 known engineered
lines. While this approach works,
it is less efficient for screening
large numbers of individuals that must
be tested when generating mutants
and conducting a forward genetic
study. To solve this problem, Katsov
and Clandinin [6] have developed
an automated, high-throughput
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Figure 2. Schematic diagram of neuropils of the fly optic lobe.
The lobula and lobula plate together are known as the lobula complex. The labeled bold lines
indicate columnar neurons that have been demonstrated through electron microscopy to
make synaptic contact within a column between neuropils. Layers of the outer (1–6) and inner
(8–10) medulla are indicated.
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R747assay that can quickly process
thousands of freely walking flies
and track behavior of individuals
as they respond, or not, to movement
of visual contrast patterns. We
eagerly await more results as
these groups shed light on the
circuitry of visual motion
perception.
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Autism: Face-Processing Clues
to Inheritance
When reading faces, autistic individuals gain considerably less information
from the eyes andmore from themouth. A new study reports that some parents
of autistic children use strikingly similar strategies, providing a crucial clue as
to what might be inherited in autism.
Elizabeth Pellicano
Autism is a highly heritable condition
and the search for the ‘genes for
autism’ has thus become a vigorous
area of inquiry. Yet the culprit genes
have so far proved elusive, partly
because of the disorder’s highly
complex make-up: it is
a developmental condition
encompassing profound difficulties in
social reciprocity and language,
accompanied by restricted and
unusual interests and activities. There
is enormous variability in the degree
and form of these symptoms across
individuals. Furthermore, although twin
and family studies demonstrate that
genetic factors play a key role in the
aetiology of the condition, the patterns
of inheritance are far from simple.
Rather than there being a single ‘autism
gene’, autism is influenced by multiple
genes, with multiple gene–gene and
gene–environment interactions [1,2]. It
is therefore not surprising that progress
has been slow.
The research endeavour is further
complicated by the difficulty of
mapping the pathway from genes to
behaviour. The same genotype can
give rise to different behavioural
phenotypes, and the same phenotype
can arise from a range of genotypes [3].
Behavioural phenotypes are therefore
not an ideal basis for identifying genetic
mechanisms. Attempts to overcome
these difficulties have turned towards
identifying traits which are
unobservable to the untrained eye but
which provide a direct connection in
the pathway between genes and
behavioural symptoms. These
‘endophenotypes’ are believed to
index genetic liability to the disorder in
otherwise apparently unaffected
individuals, and therefore show
tremendous promise in the search for
susceptibility genes for a wide range of
complex psychiatric conditions [3,4].
An endophenotypic approach is
particularly suited to the study of
autism. Since the first pioneering twin
study [5], it has been well-established
that a significant portion of relatives
show features that are qualitatively
similar to the core features of autism,
but milder in form. Components of this
‘broad autism phenotype’ include an
aloof or socially-detached disposition,
a rigid personality style, difficulties
initiating and maintaining friendships,
and limited communicative use of
language [6,7]. Different candidate
genes might be responsible for distinct
components of the broad autism
phenotype [7,8], with some parents
and siblings carrying a subset of the
genes for autism. The discovery of
endophenotypes, which are held to be
more directly tied to relevant gene
action than are behavioural outcomes,
should edge us closer to isolating
candidate genes that confer
susceptibility to autism.
A paper by Adolphs et al. [9],
published recently in Current Biology,
points strongly towards distinct
face-processing strategies as one
candidate endophenotype in autism.
There is mounting evidence that people
with autism show difficulty recognising
facial emotions, particularly when they
are presented in subtle form. A
previous study by the same authors
[10] showed that such difficulties might
arise because people with autism take
an unusual approach to telling how
someone is feeling. Using the ‘Bubbles’
technique, participants were asked to
discriminate between fearful and
happy faces for which only small parts
of the image were revealed through
bubbles (Figure 1). The more bubbles
there were, the easier it was to see
through them and judge the emotion.
Importantly, the methodology
gathers information about where
people needed the bubbles to be to
identify the emotion. For example, for
typical individuals, fear was
immediately recognisable from
a person’s wide-open ‘scared’ eyes.
Analysis of their performance yielded
an image showing the eyes but missing
most of the other features. People with
autism, however, showed a different
strategy. They failed to make use of
information from the eyes, and relied
more on cues from the mouth
(Figure 1A,B).
In their more recent paper, Adolphs
et al. [9] took this research one
important step further. They
administered the Bubbles task to
a group of parents of typically
developing children and two groups of
parents of autistic children, one of
parents who displayed a component
feature (aloofness) of the broad autism
phenotype, and another of parents who
did not. Such a design is especially
noteworthy. Not all parents show
subclinical features of autism [7,11],
and so an endophenotype, if it indeed
exists, should be evident principally in
the group of parents predisposed for
aloofness.
As expected, the parents of typical
children showed substantial use of the
eyes when judging fear or happiness.
Both groups of parents of autistic
children, however, made much less use
of the eyes when making these
judgments (Figure 1C,D). But it was the
aloof parents in particular who showed
the most distinct strategy: they relied
less on information from the eyes than
the other two parent groups and
instead gained most of their cues about
emotions from the mouth. These latter
findings bear a striking resemblance to
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